Among rodents that carry hantaviruses, more males are infected than females. Male rats also have elevated copies of Seoul virus RNA and reduced transcription of immune-related genes in the lungs than females. To further characterize sex differences in antiviral defenses and whether these differences are mediated by gonadal hormones, we examined viral RNA in the lungs, virus shedding in saliva, and antiviral defenses among male and female rats that were intact, gonadectomized neonatally, or gonadectomized in adulthood. Following inoculation with Seoul virus, high amounts viral RNA persisted longer in lungs from intact males than intact females. Removal of the gonads in males reduced the amount of viral RNA to levels comparable with intact females at 40 days post-inoculation (p.i.). Intact males shed more virus in saliva than intact females 15 days p.i.; removal of the gonads during either the neonatal period or in adulthood increased virus shedding in females and decreased virus shedding in males. Induction of pattern recognition receptors (PRRs; Tlr7 and Rig-I), expression of antiviral genes (Myd88, Visa, Jun, Irf7, Ifnb, Ifnar1, Jak2, Stat3, and Mx2), and production of Mx protein was elevated in the lungs of intact females compared with intact males. Gonadectomy had more robust effects on the induction of PRRs than on downstream IFNb or Mx2 expression. Putative androgen and estrogen response elements are present in the promoters of several of these antiviral genes, suggesting the propensity for sex steroids to directly affect dimorphic antiviral responses against Seoul virus infection.
Introduction
Males and females differ in their susceptibility to several RNA and DNA viruses, including human immunodeficiency virus, herpes simplex virus, hantaviruses, measles virus, coxsackievirus, and vesicular stromatitis virus (Klein, 2000) . Because females typically mount higher immune responses than males, susceptibility to viral infections often is reduced among females. Immune responses to viruses can vary with changes in hormone concentrations caused by natural fluctuations over the menstrual or estrous cycle, contraception use, and pregnancy (Brabin, 2002) . Although behavioral factors can influence exposure to viruses, several studies illustrate that hormonal differences between the sexes cause dimorphic responses to infection (Klein, 2000) .
Elevated immunity among females creates a double-edge sword, being beneficial against infectious diseases, but detrimental in terms of increased development of autoimmune diseases (Wizemann and Pardue, 2001) . Approximately 80% of all cases of autoimmunity in the US are women (Jacobson et al., 1997) . Animal models illustrate that elevated detection of self antigens by toll-like receptors (TLRs), including TLR7, and subsequent production of type I interferons (IFNs) leads to development of autoimmune diseases, including systemic lupus erythematosus 
